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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
at Brookhaven National Laboratory. It is funded by the "Rikagaku 
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

During the first year, the Center had only a Theory Group. In the second 
year, an Experimental Group was also established at the Center. At present, 
there are seven Fellows and seven Research Associates in these two groups. 
During the third year, we started a new Tenure Track Strong Interaction 
Theory RHIC Physics Fellow Program, with six positions in the first academic 
year, 1999-2000. This program had increased to include ten theorists and one 
experimentalist in academic year, 2001-2002. With recent graduations, the 
program presently has eight theorists and two experimentalists. Beginning last 
year a new RIKEN Spin Program (RSP) category was implemented at RBRC, 
presently comprising four RSP Researchers and five RSP Research Associates. 
In addition, RBRC has four RBRC Young Researchers. 

The Center also has an active workshop program on strong interaction 
physics with each workshop focused on a specific physics problem. Each 
workshop speaker is encouraged to select a few of the most important 
transparencies from his or her presentation, accompanied by a page of 
explanation. This material is collected at the end of the workshop by the 
organizer to form proceedings, which can therefore be available within a short 
time. To date there are fifty-two proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center on February 19,1998, was completed on August 28, 
1998. A 10 teraflops QCDOC computer in under development and expected to 
be completed in JFY 2003. 

T. D. Lee .-* 

November 22,2002 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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Introduction 

The RIKEN School on QCD titled “Topics on the Proton” was held on March 26th, 
2003 at the Nishina Memorial Hall of RIKEN, Wako, Saitama, Japan, sponsored by 
REEN (the Institute of Physical and Chemical Research). The school was the third of a 
new series with a broad perspective of hadron and nuclear physics. 

The organization and the size of the school were a little different from those of the 
previous ones. 

Prof. John Ellis, known as the world best theorist in particle and nuclear physics, 
has been appointed in RIKEN as an Eminent Scientist, which enables us to plan a col- 
laboration with him for coming three years. As the h t  year activity, we asked him to 
give a keynote talk in the JPS spring meeting focussing on the structure of proton, and 
also to give lectures in RIKEN for younger Japanese scientists on the subjects related the 
structure of the proton. He kindly agreed on both and we then decided to have a one-day 
school by supplementing his course with a course on experimental aspects of the proton 
structure. One of us (N.S.) agreed to give the latter. 

This time, Theoretical Physics Laboratory joined Radiation Laboratory to organize 
the school. 

The purpose of the school was to offer young researchers an opportunity to  learn theo- 
retical aspects of the proton structure with a broad perspective including supersymmetry 
and the related experimental aspects. 

We had a theoretical come consisting of 3 one-hour lectures by Prof. Ellis and a 
experimental course consisting of 2 one-hour lectures by Prof. Saito. The titles of their 
lectures are given below. 

Lecturers 
J. Ellis (CERN/RIKEN) 

N. Saito (Kyoto Univ.) 

“Fkom the Mass and Spin of the Proton to 

“Physics with the Precise Measurements 
the Dark Matter in the Universe” 

of the Proton Spin Structure” 

At the beginning of his first lecture, Prof. Ellis informed us of the sad news about 
Prof. Vernon Hughes and he dedicated his lectures’ to the memory of Prof. Hughes. 
Totally 46 participants including 20 graduate students attended the school. The titles as 
well as the lecturers attracted not only young researchers but also relatively senior ones, 
who contributed greatly to activating and clarifying the discussions. 

The lecturers gave excellent courses which were both pedagogical and inspiring. The 
two courses, one theoretical and one experimental, matched nicely, giving a broad but 
unised perspective of the proton structure. There were relatively long intervals between 
the lectures and the lecturem were kind enough to talk to students and respond to their 
questions during the breaks. 

We are grateful to RIKEN for the financial support which enabled us to organize this 
school. The school was held as an activity related to the collaboration with the FUKEN- 
BNL Research Center and we thank the director of the Center, Professor T.D. Lee, for the 
approval of publishing this proceedings as a volume of the RBRC Workshop Proceedings 
Series and general support. We are obliged to the lecturers and the students, both young 
and senior, for making the school exciting and ftuitful. 



Special thanks are due to Ms.N. Kiyama and Ms.K. Sakuma, who did most of the 
administrative works and took care of drinks and snacks during the breaks, and Dr.M. 
Hirai, who prepared the poster of the school. 

Hideto En’yo, Masashi Hayakawa, Hikaru Kawai, Naohito Saito 
Tosbi-Aki Shibata, Tsukasa Tada, Yasushi Watanabe and Koichi Yazaki 

RIKEN, 
June, 2003 
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From the Mass and Spin of the Proton to the Dark 
Matter in the Universe 

John Ellis 
Theory Division 

CERN 
Geneve, Switzerland . 

Abstract 

I 

The naive non-relativistic quark model works very well to describe the hadron 
spectrum and some'decays, but it has never been derived from QCD. It is thought 
that the u, d and s quarks weigh much less than the typical QCD scale, leading to 
an approximate chiral symmetry in low-energy dynamics. According to this picture, 
baryons should be described by solitons, as in the Slgmne model. The predictions 
of the naive non-relativistic quark model do not work very well for polarized struc- 
ture functions, whereas the chiral soliton model successfully predicts a small net 
contribution of quarks to the baryon spin. A n  alternative interpretation invoking 
polarized gluons may be tested in the forthcoming polarized RHIC and COMPASS 
experiments. If the baryon wave function contains s quarks, as suggested by the 
chiral soliton model and by measurements of polarized structure functions, these 
may also manifest themselves via production of phi mesons in excess of the naive 
Okubo-Zweih-Iizuka rule, as reported in several experiments at CERN's LEAR ring. 
Polarization of the s quarks in the baryon wave function may reveal itself in the 
polarization of Lambda baryons produced in deepinelastic neutrino, muon and elec- 
tron scattering, measured in the NOMA.D, COMPASS and HERMES experiments. 
As an example of the possible importance of s quarks in the baryon wave function 
for searches for physics beyond the Standard Model, we note that s quarks influence 
theoretical predictions of the matrix elements for the scattering of supersymmetric 
relic particles on nuclei. The constraints from searches for supersymmetric particles 
at LEP and elsewhere can be combined with calculations of the supersymmetric 
relic density and W A F '  limits on it to suggest that supersymmetric relic particles 
may be detectable in forthcoming experiments. 
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Applications of the Chiral U ( 6 )  @U(6)  Algebra of Current Densities" 

ilieceivcd 14 >larch 1966) 

Conccqucncts oi :he local commu:ztion relations oi vector and zsial currents proposed by Gell-3Iann are 
csploreci: ( I  j .4 recipe for derc-crin: and isolating Schwinger terms in the commutarors, proportional to 
derivs;i\-es oi the 6 i-nction. ic diecussed. (2) Endcr assumptions oi smooih zsymptotic behzvior oi form 
i x t o r s  ior i o r u r d  scxiering of the icovector cuircnt from a proion: we show thzr the U(3)aC(j )  algebra 
for the tizx components of the currents implies the V(G@C(6) aige5ra ior space componenu, at l e s t  for 
spin.avcraztd tlia;ozzI single-particle states. (3) The derivation of the .-5dler-\Veis'cerger iormula ior GI/Gr 

-LE: is FhaFened by Firing arFcments that. at fiscd ener v thc fon\=d r - 3  G r e e c w  
abi rac te  ic xrcio el o & the ion mas-nd ior inelastic el -ye,,$ f;LdpiyLp {at high :Akt.& :r&z;Lr?s dcrix*:dxxc bzsis of C(6!8;L;(G). \m&ribution oi v e v  vlrtud 
phoionr to thc hyper-ne anomaly in h ~ d r o ~ e n - . ~ ~ ~ ~ ~ ~ ~ ~ ~ t o  an equal-:ime commutztor oi cur- 
itnrs; this coniribdiion is cmdely esiimaxd to be c-3 parts per million (ppm). (6) The 1oguithmiczll~- 
diw:gcc: p x t  oi e1rc;roma;nfiic mass difiercnccs oi hadrons is shown to be proporrion~l to matrix elements 
n i  ;he ecpxl-iinc coaniu~ator  ci the electromagaetic current with its time derivative. It is suggested that 
this - c i v q c n t "  usit he idexifled v:iih the Coleman-Glashol~ "tadpoles"; this suggestion is &Mussed in 
;ne irz-eirork oi a einple r : x r k  model. (7) T i c  loparithmicail~ divergcct parr oi the electroma,setic 
corrtc:ic:. i o  ihc i:rocccs r- - -3-c-+-F is. on the bads of the C(6!8 .U(6)  current zigebia, snosn t o  be 
nonvarir5in;. and is cornpilied. !S! A speculative argument is presented that the rate E-+c- -  hadrons 
is CCZ?X=!J~C IO  ;he :lie C-TC- - p - f p -  in the limit oi large energies. 

. 

12 

. .  

T product of currents used in making sum rules is in 
genera! nor covariant. This V:G recopized and dis- 
cussed: by Johnson i n  1961. \Ye gix-e a rule for construct- 
ing the T product from the corresponding covariznt 
amplitude. The difference of the two objects is the 
Schii-inger term. 

Secdoii 111: The claims of Sec. TI are illustrated for 
the vacuum espectation vzlue of the T product of tv;o 
currents. This section is essentially a summary of 
Johnsoa:s paper. 

Section IV: lye nest take the T product of two iso- 
vecror Curitats betneen protons at  rest and show that 
the only Schii-inger terms .zre in the disconnected 
graphs: pro\-ided certain form factors behave reasonably 
at  i:ihnity. If this is the c ~ e :  we can furrhemore show 
that if the time coniponentj of the current densities 
satisfy a L-(3>.sL-(3) algebra: the space components 
satisfy the 1'(6)8)L-(6) algebra, at  l e s t  for diagonal 
Inatris elements betveen single-particle stztes, spin 
21-eraged. 

I;. jokzso2. Sucl. Phys. 25, 451 (i961). 
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PHYSICAL R E V I E W  D VOLUME 9, NUMBER 5 1 M A R C H  19'74 

Sum rule for deep-inelastic electroproductbn from polarized protons" 

Iw+its.n LabmrJay of Physics, Cal Technology. Pasadena, Califonia 91109 

\Robert Jaffes \ 
Laboratory for Nuchar Science and Dqtwtwmt of Physics, 

Massochtsetts bstiiuts of Tecknology. C a m w e ,  Massachusetts 02139 
and Smford W a r  Accelsmtm Center. Stenford Uniwrsitq. Stanford, CaI~mia94305 

(Rscelved 20 A ~ g u n t  1978) 

A sum role I# &rived for the aqmmet& k desp.ineWc ecattering of polariced eleetra~~ 
from poluizal p.bos: #&g" (6) i. 0.15gA. I b e  result follows from the quark light- 
algebrp .ad the -on that -e qmzks do not c-b to the asymmetr). ?he 
latter is ptified b caaventionrl prtm-model ugumentr. 

Measurements of the pqmmctry in the inelas- 
tic scattering of pol- dectrone from polar- 
ized protons wiIl begin s o a x  Several ye- ago 
Bjorken' derived a sum nrZe for the dlfierence in 
polarization aeymmetry in ckep inelastic scatter- 
ing from protons aad neut-. The Bum rule has 
been rederived recently ushy tk parton model3 
and the puut light-cone a&ebra.**' anfommstely, 
testing the Bfortcn m m  rule w d  require data 
on scattering fmm polarized dateroas which will 
be unavailable for some time. Here we derive a 
sum rule for the asymmetv in scattering from 
pow-zed protons alone. 
quark light-cone algebra, tLe n d  parton-model 
ansumpnons that the only irosinglet (b-) 
quarka h the proton are in the "sea" (Pameran- 
chkoa) and that the spina d pvtone in the "sea" 
are paired. These are dismssed further later. 

The stmctore f r m c t i ~ ~  for scattering polarized 
electron8 from polarized protons are defined as 

use the standvd 

follows: 

.. 

where the $ ( x - p )  are defined from the bilocal op- 
erators: 

@,St s:,(xl O)lP, n) Ira*o=n,s: (x*P)+ .. - , 
where s$(xlO) is the axlal-vector bilocal which is 
eymmctric under interchange of x and 0, and has 
the following form in free-field theory: 

s ~ l x l o ) = w x ~ ~ Y , v , ~ ( o )  +?(Ob L. Y0Y*#(X). 

Bjorken's sum rule follows fmm inverting the 
Fourier tramform in Eq. (11, setting x -P to zero, 
taking the 4, en difference and noting that 

(P,+R,(OlO)IA n> =2g,P0 

since tbe local limit of the bilocal is just the neu- 
tral iMmctor axial-vector current. 
Zn tryfng to derive a sum rule for scattering off 

polarized protons it is necessary to h o w  

first of these can be estimated using sU(3) for the 

, 

(P,nl %,(OlO)lP, n) and (P,ntS&(OlO)l~,n). The 

- 9 1444 
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9 SUYI RULE FOR DEE P-INELASTIC ELECTROPRODUCTION.. . 1445 

(4) 
baryon matrix dcments of the axial charges. Hy- 

(5 1 

- 
5 3(F/D) - 1 

peron decays are known to agree well with SU(3) l’g?(t’t=$(t+f (F/D)+1) 9 

5 3(F/D) - 1 
and the Cabibbo meory, and the F/D r+$o for 
axial charges is well deteriniaed.7 However, noth- 
ing is known u about (P, nlSw(OIO)lp, x). TO 
evaluate it we axgue on the basis of the parton 
model that the art& elements of the ~ 0 m b i d - h  

(2 ) 

~ 1 B : . ( € ) d s = f $ ( - l + ~ ~ )  * 

The difference of 4s. (4) and (5) is just Bjorken’s 
a m  rule.’ 
SU(3) to reexpress the ratio 

writing (4) and (5) we haw 

p,nls:,(olo)lp, n) 
&,XI s:,(oloMJ, n) 

1 
JiSL(Xl0) -Sg(xlO) 

between nucleox are expected to be small. 
in terms of the F/D ratio of the axial charges. 
Mnce the axial charges seem to form au excellent 
octetq we regard this a~ a miaor asnunptioe US- 
ing the currently accepted value7 

“sea” associatedwith tbe PomeMehuhn. The 
Pomennchukon &es mt codribate to the -in- 

5 =OS81 *0.029, 

depellaertt structue function8 G, and G2,* w one 
might slupeet thrt the (A, Z) cokdribution to them 
should be small. In fact 

wbere & ( E )  are the distributfms of a quarks in the 
nucleon with hekities parallel (antiparallel) to the 
helicitg of the ncleon itself,’ udx,(E) are defined 
simikb. The LBllzl spin and charge conjugation 
propcrties d the Pomervschukon imply 

A+(o)=~+(o)=A~(O) =x-(O). 

Our =-is thrt this remaim at least ap- 
proximate€y rrloll for 5 +O for the “sea” of 4g 

(3 1 
Assuming that tLc ‘‘sea” haa the property (3) it fol- 
laws thatao 

(p,4Pm(x10)lp,n) =+.a ( ~ , n  I9i(xlO)lp,n) 

4 

and separate slur d e s  for the protca 
asymmetrles fdlow immediately: 

neutron 

(7). to be exact because of SU(3) breaking, the un- 
cerhinty in the F/D ratio, and the parton-model 

on about the (A,X) distribptbns 
ever. as long as the momentum d m g e  quarks 
extneteci t r im neutrino experimemta (see f&- 
d e  8) rermine small, we apct Eqs. (6) and (7) 
to be quite accurate eatbstes d pokizatim 
asymmetries in matte- odt protons and neutxms 
separately. The proton sam d e  (6) is particular- 
ly interesting became experiments using polarized 
proton targets wi l l  soon be performed, and be- 
cause (following Bjorkenn) it predicts that a large 
mea0 asymmetry of the order of 3 1  wi l l  be ob- 
served. 

SLAC for its generons support ard hospitality 
while this work was performed 

We thank F. Gilmvl for useful conversations ad 

*Work mmrted apart by the U. S. Atomic Energy 
conimission. 

tAddmss after 1 ssptsmbsr 1913: Theory Mvlsion. 
CERN, 1211 Gema 23, Switzsrlad. 

$Work supported b pazt through fupds prcrrlded by the 
U. S. Atomic EDagp Commission d e r  Contract No.. 
AT(1l-11-3069. 
‘Yale-SLAC-MIT-RSF Collaboration, SIdC Experiment 

No. E-BO. 
zJ. D. w e n ,  Phya. Rsv. 3 1467 (lobs). 
‘J. KuU rod V. F. Weieekopf, Phys. Rsv. DS, 3418 
(1911). R. P. F-, Photm-Brrdra Intaurctias 
(Baal- Radiag .  1972). 

‘A. J. G. Hey 8rd 3. E. Msrdula. Wys. Rev. I) 2, 2610 
(1972). D. Wrry.  Numo Cimsnto u. 463 (1972). 

‘sptn-dependent sernctpre fmction~ have d r o  been 
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001  0 0 2  0 0 1  0.1 0 2  0 5  0 7  

X 

Fig. I. The asymmetry .4 p pl~t tcd versus s together with results 
born previous experiments [ 26.27 J . The curve is from the model 
dref. [IS]. 

Wen from ref. [ 71 but corrected from the value R = 0 
assumed in that paper to the QCD value of R. Fig. 3 
SLOWS xgp ( x )  as a function of x. The solid curve is 

C ?  - 
c -  

! 
8 

i 7 1 

: 1  - 
: -  

, . , , I  . . .  _ .  
."2 

-. . 
73 

2 2  :f.ev/cy 

Fig 2 .47 versus Q'. The data in each s range have been cor- 
rmcd to the same mean I using a f i r  to rhe data as a function of 
! 

P' 1 0" 1 

X 

Fig. 3. The quantity .rgp (x) (right-hand axis and solid circles) 
versus x. The left-hand axis and the crosses show the values of 
I.!.mgp (.r)dr wfiere .rm is the value of x at each lower bin edge. 
The inner error bars are statistical and the outer error bars are 
the total erronobtained by combining the statistical and system- 
atic errors (table 1 ) in quadrature. The curves are described in 
the text. 

derived from the fitted function to A P ( x ) .  The inte- 
gral of gy ( x )  over the measured region was found to 
be 

gp (x)dr=O. 1 1 1 t 0.01 2 (stat.) t 0.026 (syst.) . 

The convergence of this integral is also shown in fa. i 
3 where J.:.,,,gy (x)du is plotted as a function of x,, ' 

the value of x at the lower edge of each bin. It can be 
seen that the integral converges well towards x=O. 
The dashed curve is the integral of the solid curve 
and this was used to extrapolate to x=O. The data 
covered 98% of the value of the integral. The value 
obtained at a mean Q' of 10.7 GeV' was 

Jg? (x)dx=O. 1 14 k 0.0 12( stat. ) +_ 0.026 (syst. ) . 

Here the systematic error was obtained from the in- 
dividual systematic errors, added in quadrature and 
includes a further uncertainty of 10% on the value of 
the integral to allow for possible errors on the value 
of F2 for the proton. The uncertainty due to the ex- 
trapolation outside the measured range of x is mahi 
providing that xg,(x) is well behaved and ap 
proaches zero reasonably as x tends to zero. It is ex- 
pected from Regge theory [30] that x g , ( x )  

0.01 7 

I 

0 
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- - . such as photinos f and hippsinos fi, in view of the astrophysical and particle physiauncertainties. Previous quark model estima!es 
We invcstimte whether recent search for enerrretic solar neutrinos aive new constraints on candidate dark-matter Dartides 

ons responsible for p or E capture in the sun can be impmved using hyperon decay data, but are thrown 
uropean mi c01lawm a n  which reducerhe 

a factor up to four. We emphasize the need to include cham and bottom auark framen!ation effects *n . .  - 
f calculating the flux of OarVin&frorn dark matter annihilation events, which may rcduce the observable flux by a factor -2. Even 

the most stringent upper l i d s  from the Fdjus experiment still allow a local 7 or E density considerably above the range of 
0.20-0.43 GeVlcm' favoundby aalrophysics, and no range of m, or mx can yet bcexcluded. . 1 

. .  
There is an emerging consensus that non-dissiga- 

tive da-k matter is prevalent in galactic halos [ 11. 
One of the prime possibilities is that the halo dark 
matter consists of some species of massive, non-re- 

'XitiViStic; neutraI, weakly-interacting particle. A pos- 
sible candidate for this dark-matter particle is the 
lightest supersymmetric particle (UP), which could 
be a photino 7, higgsino or sneutrino 0 [ 21. 'Meth- 
ods of detecting dark-matter particles are now being 

most convincing would be 

9 the lab06tory .[ 41 , unsuc- 
ich have already been used to 

'exclude sneutrinos in the range 1.6 GeV < m, < 1 TeV 
[ 5 ] .  An elegant but less direct method [6] is based 
on the observation that certain candidate dark-mat- 
ter particles have some probabsty of being trapped 
in the sun after losing energy through elastic scat- 

,8]. Evaporation is negligible for masses 
5 GeV [9,lO], in whim case the solar pop- 
s stabilized by annihilations. Such annihi- 

i 
mtteMg Of d;rrk-Wt- 

: 
!' 
i ' 

lations, e.g., yy+ff, can produce energetic neutrinos 
via the prompt decays of heavy flavours: f=z,c,b,t. 
shis idea has been pursued extensively [ 11-15] and 
varying estimates given of the resulting v flux. 

Data are now becoming available from unda- 
ground detectors [ 16-18], most recently the Frdjas 
experiment [ 181, both on contained v interactions 
and on upward-going muons induced by v, inter- 
actions in rock. These provide upper limits on tbe 
energetic solar v flux which can be confronted wilh 
different dark-rnatter predictionk.%me candida- 
seem to be clearly excluded by such analyses, e& 
0, and Te with masses k4 GeV [ 13,141. Howevcr, 
the confrontation is much more delicate for some 
candidates, such as the 7 and 6, for which the a- 
penmental upper limits can be comparable with tk 
v event estimate. For annihilation, this b 

- .a : -_ 
.I - 

approximately k 

b*;:.., . *;. , ,' 

?&2693/87/$ 03.50 0 Elsevkr Science Publishers B.V. 393 
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Recent EMC data [26] on polarized pp scattering 
cast doubt on the assumption that As= 0. They mea- 
sure the spindependent structure function 
gr(x,@), for which there is a QCD sum rule 

I 

J-&rgP(x,@) =;( ;aAq)r 1 +O(a;ln)l 
0 

-i($Au+$Ad+$As). t 16) 
T&,O( q l z )  correction in (1 6) is ( - 1 .a&) for non- 
singlet combinations [ 341 of the Aq, and ( - fa , /n )  
for tF&,singlet combination [35]: these do not give 
a large Q2dependence for Q2>3 GeV2. Note that 
EMC measures the same combination of the Aq as 
appears in a(Pp+p) (7a) if all the m4 are approx- 
imately equal as we expect. The prediction using HP 

: (15) is 
I 

i,: .. -J,&gP(x,@) =0.20 
0 

= t (  $Au+ $Ad+ $As) , 
-, 

If one ncgkcts any  possible dependence on the re- 
normafizatioa s a k  # = Q. this can be combined with 
(14) to yield 

E M C  A ~ = 0 . 7 0 ( 8 )  , Ad= -0.54(2), 

1 (19) As= -0.25(7) , 

I ; . r ; . e &  with emnr +0.08(4) if the statistical and sys- 

;WDifE&nf ktiuucer of tbe factor (ZQiAq)z ap- 
. pearing in eq. (71) art shown in table 1. The re- 

. g p ~ t i c . m  Pr,. i in (18) art added in quadrature #'. 

. .  

duction in the observed 
PreViOUSlY expmcd ( I  

ction of d 9 p - f  

I . .  . I' The enimater (19) cormpond io a fraction 
&$. .e. ;. -0.09(1)+0.24(2) of* protoo spin being carried by quarks. ;gC ' They also cormpond 10 I sindevoctet matrix element ratio of 
...si ' -0.13(3)+0.37(1) umes the quark model value previously 
. @y.;,, .,,.%... estimated assurningAs=O. 
$q ..7.- *,+y',-' 

..~. . 

mentioned, we do not expect significant rcnormali- 
zation scale ( p )  dependence that decouplesthe EMC 
measurements at p2 N Qz >, 3 GeV2 from the values of 
the Aq at p2 =mi - 1 O4 GeV2 required in t p  scat- 
tering. Moreover, the EMC Collaboration sees no 
evidence for any Q*-dependence Until the EMC 
result is confirmed, one should nevertheless perhaps 
regard the range (15), (19) as a legitimate uncer- 
tainty in dark-matter detection estimates. 

We now consider the possibility that the dark-mat- 
ter particle is a higgsino &, for which [ 2 1 ] 

4 K P - 4 ) )  

where I,= + j ,  I , , ,  = -4, Aq is given by (7k 
and (19) as before, and p is given by tan 1 

(15) 
i v2/vr 

where v2 ( vI ) is the VEV of the Higgs givinE masses 
to the u (d,s) quarks. Notice that the quark masses 
do not affect o(E+@ or c(Gp+6p) (20), but it is 
possible 121 to find an acceptable choice of@ which 
gives Qi;= 1 whenever mi; =- ml uu 6 GeV. 

The factors ai in (1) are simple numerial con- 
stants in VN scattering cross sections. For e and p 
targets they are [ 151 

corresponding to 

isoscalartarget: a,=6.85 , a, = 3.15 , 

Fe=26p+30n: 'u,,y7.04, a,=3.09, 

H20=1@+8n: a,=6.56, ~ ~ ~ 3 . 2 6 .  (22) 
I .  

1. . ' ... ;, 

. . -**+: 
... . . . . ..: 

" : l.2 >; The factors Br in (1) are the branching ratios for 

particular model studied. We use the Monte Carlo 
procedure detailed in ref. [ 15 J to model tbc anni- 
hilation events in the sun and caiculate the factors 

XX-tTfuhich are determined by the couplingsin the .. ... i . 

'* Jaffe [27J has pointed out that there could in principk:be sig- 
nificant pdependence between b2= 3 GeV2 and p2 e 1  GeV. 
This is indevant to u(jp+p), but could invalidatelhe deri- 
vation oftke individual Aq in (19). This introduces a'uncer- 
tainty in ?he subsequent estimate of a(Ep-Gp), diich is 
fortunatdynot large. 

23 

397 

. .. . ,> . .. .. . .  . .  .. '+ . . .  .. . 



24 



25 



chd n
 

o! II x 

m
 

(u
 

. 
1

 
.

.
 

. 
.. 

.
I
 

1 ..'! .
:

 
I

.
 

. 
I 

.
.

 

n
 

d
m

 
U

 
0
 

W
 

n
 

m
a
 

U
 
0
 

W
 

h
 

(
u
a
 

U
 
0
 

W
 

n
 

$
 

W
 

0
 

W
 
a
 

3 la X
 

u 
!I v3 c I m

 
d
 

w E
 
a
 I m
 

d
 

w 0
 n
 I 

m
 

d
 

W
 

-0 

cu w X d
 

4
 

4
 

2 



X g l  WORLD DATA 

. 0.02 ";:L 0 

* 
H 
0 
0 
8 
v 
A 

SMC 
HERMES 
HERMES 
HERMES 
E l  55 
E143 

+ ; + + +  
J I I I l l t l l l  1 I I 1 1 1 1 1 1  I I I 1 1 1 1 1 1  I I ' l , U  

deuteron I 0.04 - 

I 
I 1 I I I I l l  I I I I 1 1 1 1  I I I I l l 1 1  I I 1 " ' ~  

o.**t neutron (3He) 

-0.02 
* E142 

-0.04 - 
I I I 1 1 1 1 1  I I I I I 1 1 1  I I I I I I l l  I I I l l l U  

0.m1 0.001 0.01 0.1 x 1 

G.K. Mallot 

27 

EIC'O2, BNL, 28 Feb. 2002 



G.K. Mallot 

4 

3.5 

3 

2.5 

2 

1.5 F 

Q2 (GeV2) 

C. Weiskopf, 0152001 

EIC'02, BNL. 28 Feb. 2002 

28 



0.18 1 Ellis- Jaffe prediction 

0.16 

0.14 
- I 
- 

0.12 - t WORLD h) - 
\o 

- 
- 

0.1 - E143 
- 
- 
- 

0.0s 

0.06 

- 
- 
- 
- 
- 
- 
- 

I I I I I I I I I I I I I I I I I I I I 

2 4 6 8 10 
0.04 I 

Q:(G~v~) l2 



4 d 

3 

L- 

u E m
 

-b
- 

o\ 
0

6
P

W
M

d
m

C
r

l
 
r

c
o

 

0
 

9
9

 9
 

0
0

 
9

9
9

9
9

 
0

0
0

0
0

0
 

9
 

30 



d 

I 



dotted Qa=10 C e p  

. _ _ _ _ . . . . .  

X 

32 



33 



I HERMES flavor decomposition I 

0.02 0.1 0 r 

X 

H. E.Jackson, hepex/0208015, 
1nt.J. Mod. Phys.A17:3551-3570,2002 

- Light sea quarks are not significantly polarized 
- Strange sea appears to be positively polarized 

A r m  Kolzinian MIch 4.m 
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xP 

0 Any additional gluon emissions are not im- 
portant for xp >0.8 and the scattering 
is given by the well-understood process, 
7"s + s 

0 Cross sections are for the inclusive DIS 
and with removed a diffractive contribution 
(rlrnaz > 2) 

0 The hatched bands represents uncertain- 
ties in the simulation of the gZ(1020) 
mesons production (X,=O.2-0.3) with the 
CTEQ5D parton density 

0 

High-momentum $5 mesons (xp >0.8 ) 
in the current region of  the Breit frame- 
give clear evidence for the strange sea in 
the proton. 

B.Levchenko (SINP MSU): Strange quark physics 
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Figure 6: Invariant mass distributions of the K f K -  (middle columns) and K*no (left) 
systems and Dalitz plots (right) for reaction p p  + K+K-no at three different target densities: 
for the liquid target (up line), for the gas target at NTP (middle line) and for the gas target 
at 5 mb (bottom line) [48]. 
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S-wave % 

Figure 7: Dependence of the jjp + &ro annihilation frequency on the percentage of annihi- 
lation from the S-wave [48]. The values of the S-wave percentage at different target densities 
are from [86] . 
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Table 1: The ratio R = q5X/wX of the cross sections for production of qi and w - mesons in 
p p ,  p p  and ?rp interactions. PL is the momentum of the incoming particle. 2 is the parameter 
of the OZI-rule violation. No corrections on the phase space volume difference were made 
except the cases marked *). r----- 
Initid PL Final R = 4X/wX 1.271 Refs. 
state (GeV/c) state X - 103 (%I 1 

n+n 1.54-2.6 P 21.0 f 11.0 8 4 4  [26],[27] 
*+p 3.54 *+p 19.03~ 11.0 7 f 4  [28] 
*-P 5-6 n 3.5 f 1.0 0.5 f 0 . 8  [29] 
T-P 6 n 3.2 f 0.4 0.8 fO.4 [30] 
* - p  10 * - p  6.0f3.0 1.3 f 2 . 0  [31] 
*-P 19 27r-x"~ 5.02; 0.6 f 2.5 [32] 
*-p  32.5 n 2.9 f 0.9 1.1 f 0 . 8  1331 
T-P 360 X 14.0 f 6.0 5 f 3  I341 
PP 10 . PP 20.0f5.0 8 4 2  [31] 
PP 24 PP 26.53~ 18.8 1 0 f 6  [35] 
PP 24 n+7r-pp 1.2f0.8 3 f 1 [35] 
PP 24 pp m@7r-, 19.0f 7.0 7 f 3  [35] 

PP 70 PX 16.4 f 0.4 [361 
m=0,1,2 

PP 360 X 4.0 f 5.0 0.1 f 4  [37j 
PP 0.7 rjr- 19.0&5*) 7 f 2  [38] 
FP 0.7 P O  13.0 f 4 * )  5 f 2  [38] 
FP 1.2 'IT+*- ll.Of22 4 f 1 [39] 
FP 2.3 X+T- 17.5 f 3 . 4  ' 7 f 1 [40] 
FP 3.6 r f 7 r -  9.OfJ 3 f 3  [39] 

Table2: The ratio R = f;(1525)X/f~(1270)X of the cross sections for production of fz(1270) 
and fl(1525) - mesons. PL is the momentum of the incoming particle. In some cases, marked 
by *) the cross section of fz(1270) was not separated from the production of ~ ~ ( 1 3 2 0 )  and 
the sum of these cross sections is given. 

Initial state PL , GeV/c Final state X R(f:/fz) - 103 ReE- 
*-p 100.0 n 1.5 50.7 [42] 

PP 0 no 26 f 10 [3] 
PP 2.32 7r+*- 21 f lo*) [44] 

ISP 1.5 - 2.0 7r+*- 28 f 9*) [46] 
ISP 7.02 - 7.57 7ro 64 f 28') [47] 

X-P 10.0 n 4 4 f 1 0  [43] 

Fn 2.3 ir- < 15 [451 
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Figure 3: Our model predictions (model A - solid line, model B - dashed 
line) for polarization of A hyperons produced in up charged current DIS 
interactions off nuclei as functions of W 2 ,  Q2, X B ~ ,  g ~ j ,  XF and z (at 
XF > 0). The points with error bars are from NOMAD. 
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Figure 4: Our model predictions (model A - solid line, model B - dashed 
line) for the spin transfer of h hyperons produced in e+ DIS interactions 
off nuclei as functions of W2,  Q2, x ~ j ,  'ysj, ZF and z (at XF > 0). 
(Ee = 27.5 GeV) The points with error bars are from HERMES 
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Figure 5: Our model predictions (model A - solid line, model B - dashed 
line) for the spin transfer of A hyperons produced in p+ DIS interactions off 
nuclei as functions of W2,  Q2, z ~ j ,  y ~ j ,  XF and z (at XF > 0). ( E p  = 470 
GeV) 

Remadu on hadmn produbion 
mechanism and A polariration 

in DIS 

62 

Mad, 4.2003 



Which variables do we have?: 
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XQ FIG. 4. The extracted value of AGIG compared with 
phenomenological QCD fits to a subset of the world's data on 
gyp" (a, Q2).  The curves are from Refs. [28,29], evaluated at a 
scde of 2 ( G ~ V / C ) ~ .  The indicated error on AGIG represents 
statistical and experimental systematic uncertainties only; no 
theoretical uncertainty is included.' 



The COMPASS Experiment at CERN 

1 a a 0.8 
d 
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Fig. 3. COrnpiuhn of approved experiments for measurement of AG/G. Shown are the 
expeaed m, except for HERMES, where the first measurement is shown. The curves 

show the parameterizatins A, B and C of Gehrmann and Sterling [14]. 

been perfarmed by the HERMES experiment for z ~ j  values down to 0.02 [q. With 
the COMPASS experiment these data will be complemented in a z ~ j  range down 
to 0.003 with an improved precision compared to the SMC experiment, which has 
measured flawr dependent quark polarizations for the first time. 

Having the possibility to rotate the polarization of the target from longitudi- 
nal to transverse direction allows to determine the transverse structure function 
hl (z,Q2) in COMPASS. In addition to the structure functions f1 and 91 the struc- 
ture function hl is requid for a complete description of the nucleon. hl bas not 
been measured before. The HERMES experiment is pcsrOrming a measurement of 

czscb. J. Phys. 52 (2002) A5 
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Figure 1: The (ml/z,mo) planes for .(a) tan@ = 10,p > 0, (6) tanP = 10,p < 0, (c) 
tan ,B = 35 ,p  < 0, and (d) tanp = 50,p > 0. I n  each panel, the region allowed by the older 
cosmological constraint 0.1 5 R,h2 5 0.3 has med ium shading, and the region allowed by the 
newer cosmological constraint 0.094 5 R,h2 5 0.129 has very dark shading. T h e  disallowed 
region where m?, < m, has dark (red) shading. The  regions excluded by b + sy. have medium 
(green) shading, and those in panels (urd) that  are favoured by gp - 2 at the 2 4  level have 
medium (pink) shading. A dot-dashed line in panel  (a) delineates the LEP constraint on  the 
t mass and the contours m,i = 104 Ge V (mh = 114 Ge V )  are shown a s  near-vertical black 
dashed (red dot-dashed) lines in panel (a) (each panel). _.- 
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Figure 3: The ranges ofm, allowed by cosmology and other constraints, for (a) p > 0 and 
(6) p < 0. Upper limits without (red solid line) and with (blue dashed line) the gp - 2 
constraint are shown for p > 0: the lower limits are shown as black solid lines. Note the 
sharp increases in the upper kmik for tan p 2 50, p > 0 and tan /3 2 .%, p < 0 due to the 
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o j  the coannihilation tails. 
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Current status of searches for weakly interacting massive particles 
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Figure 1: Spin-independent cross sections in the (mll2, mo) planes for (a) tan p = 10, p < 0, 
(b) tanp = 10,p > 0, (c) tan@ = 35,p < 0 and (d) tanp = 50,p > 0, assuming A0 = 
O,mt = 175 GeV and mb(mb)g = 4.25 GeV [ld]. The double dot-dashed (orange) curves 
are contours of the spin-independent cross section, differing b y  factors of 10 (bolder) and 
interpolating factors of 3 finer - when shown). For example, in (b), the curves to  the right 
of the one marked lo-' pb.  correspond to 3 x lo-" pb and 10-l' pb. The near-vertical lines 
are th.e LEP limits mxi = 103.5 GeV (dashed and black) [29], mh = 114.1 GeV (dotted and 
red) [9]. In the dark (brick red) shaded regions, the LSP is the charged ?I, so this region 
is esc!uded. The light (turquoise) shaded areas are the cosmologically preferred regions with 
0.1 5 Rxh2 5 0.3 [ld]. The medium (dark green) shaded regions that are most prominent in 
panels (a) and (c) are ezcluded by  b + sy [18]. The sloping shaded (pink) regions in panels 
(b) and (d) delineate the k2 - u ranges of g p  - 2 [I.??]. I 



tanB=lO, peo 800 . .  1 . .  

Figure 2: Spin-dependent cross sections in the (ml12,m0) planes for  (a) tanp = 10,p < 
0, (6) tanB = 1 0 : ~  > 0, (c) tanP = 35,p < 0 and (d) tan@ = 50,p > 0, assuming 
Ao = 0, mt = 175 GeV and mb(mb)g = 4.25 GeV [ld]. The dot-dashed (blue) lines 
are contours of the spin-dependent cross section, diflering by factors of 10 (bolder) and 
interpolating factors of 3 finer - when shown). The near-vertical dashed lines are the LEP 
limits mxi  = 103.5 GeV (black) [29], mh = 114.1 GeV (red) [9]. In the dark (brick red) 
shaded regions, the LSP is the charged ?I, so this region is excluded. The light (turquoise) 
shaded areas are the cosmologically preferred regions with 0.1 5 a X h 2  5 0.3 [15]. The medium 
(dark green) shaded regions are excluded by  b + sy [18]. 
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Figure 3. .-tiloved ranges of the cross sections for tanP = 10 and (a, b) /I > 0,  (c, d) p < 0, 
for (a .  ci spin-independent and (b, d) spin-dependent elastic scattering. Panel (e) shows the 
spin-indrprndrnl cross section for tanp = 35 and p < 0, and panel (f) the spin-independent 
cross arrtisn for tan 3 = 50 and p > 0. The solid (blue) lines indicate the relic density 
constmint [Is,', f h r  dashed (black) lines the b -+ sy constraint [18], the dot-dashed (green) 
lines f h r  rn, ronstraint 191, and the dotted (red) lines the gp - 2 constraint [E?]. The shaded 
(pale blur i ngion is allowed by  all the constraints. 
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Summarv 

t 

Polarized studies are catching up 
Unpolarized studies; some surprises 
HERMES, COMPASS, and Polarized 
RHIC are producing new results 
Detailed knowledge of the spin structure of 
the nucleon would open new possibilities 
in Particle-Nuclear Physics 
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